NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



THIS NASA INVENTION APPEARS TO HAVE 
EXCELLENT COMMERCIAL POTENTIAL 


NASA CASK 
PRINT FIG. . 
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The invention disclosed in this document resulted from 
research in aeronautical and space activities performed under 
programs of the National Aeronautics and Space Administration. 

The invention is owned by NASA and is, therefore, available 
for licensing in accordance with the NASA Patent Licensing 
Regulation (14 Code of Federal Regulations 1245.2). 

To encourage commercial utilization of NASA-owned inven- 
tions, it is NASA policy to grant licenses to commercial 
concerns. Although NASA encourages nonexclusive licensing 
to promote competition and achieve the widest possible utili- 
zation, NASA will consider the granting of a limited exclusive 
license, pursuant to the NASA Patent Licensing Regulations, 
when such a license will provide the necessary incentive to 
the licensee to achieve early practical application of the 
invention. 

Address inquiries and all applications for license for 
this invention to NASA Patent Counsel, Lewis Research Center, 

Mail Code 500-31^, 21000 Brookpark Road, Cleveland, Ohio, 44135. 
Approved NASA forms for application for nonexclusive or exclusive 
license are available from the above address. 


NASA Case No. LEW- 13 ,169-2 


IMPROVED REFRACTORY COATINGS 


This invention is concerned with improving adhesion, friction and 
wear properties of sputtered refractory coatings on substrates of 
materials that form stable nitrides. 

Each substrate (10) is placed directly below a titanium carbide 
target (16) of a commercial radiofrequency diode apparatus (14) in 
a vacuum chamber (26) . Nitrogen is bled into the system through a 
nozzle (30) resulting in a small partinl pressure of about 0,5% to 
2.5% during the first two minutes of deposition. The flow of 
nitrogen is then stopped, and the sputtering ambient is reduced to 
pure argon through •’< nozzle (28) without interrupting the sputtering 
process . 

'Vhcn nitrogen is deliberately introduced during the crucial inter- 
face formation, some of the titanium at the interface reacts to form 
tituniura nitride while the metal of the substrate also forms the 
nitride. These two nitrides atomically mixed together in the inter- 
facial region (38) act to more strongly bond the growing titanium 
carbide coating (12) as it forms on the substrate (10). 
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Description 

Improved Refractory Coatings 
Origin of the Invention 

The invention described herein was made by employees of the United 
5 States Government and may be manufactured and used by or for the 
Government for governmental purposes without the payment of any 
royalties thereon or therefor. 

Statement of Copendency 

This application is a division of application, Serial No. 102,003 
10 which was filed December 7, 1979. 

Technical Field 

This invention is concerned with improving the properties of sput- 
tered refractory coatings on a substrate of a material that forms 
stable nitrides. Adhesion, friction, and wear properties of re- 
15 fractory coatings produced in accordance with the invention are 
superior to similar properties of conventional coatings. 

Various hard coatings that are applied by rf sputtering have been 
proposed for improving wear resistance and providing low friction 
characteristics. It is the adherence of these coatings to the sub- 
20 strate rather than other coating properties that is the limiting 

factor in their use. Failures are generally observed to occur at the 
coating-substrate Interface. 

Titanium carbide coatings are used in anti-wear applications. 

Such coatings are used to prevent fretting fatigue and wear in titan- 
25 ium alloy aircraft parts. Titanium carbide has been proposed for 
cutting tool coatings as well as for bearing and seal ap- 
plications. 
background Art 

U.S. patent No. 4,098,956 to Blickensderfer et al discloses a pro- 
30 cess for making spectrally selective solar absorbers by depositing 
layers of metal or carbides, Including titanium, wherein oxides, sub- 
oxides, or nitrides can be produced using the appropriate atmosphere 
of oxygen or nitrogen with argon during sputtering. In one 
embodiment a subnitride of tlu< metal is produced. Pendse patent No. 
35 3,503,787 is concerned with cwiktng refractory aluminum nitride 


coatings by plasma spraying. Titanium nitride is formed by the use 
of nitrogen In the plasma. Wakefield patent No. 3,912,461 is 
directed to the sputtering of titanium carbonate onto a substrate to 
produce a hard, wear-resistant surface. None of these patents is 
5 concerned with providitig metal nitrides In the Interfacial region be- 
tween a substrate and refractory coating. 

Disclosure of Invention 

In accordance with the present Invention a thin sputtered film is 
provided that exhibits Improved adherence to a substrate and has 
10 improved friction and wear characteristics. These Improvements are 
achieved by coating the substrate by rf sputtering with a film of 
titanium carbide using an argon sputtering plasma. A small nitrogen 
partial pressure from about 0.5% to 2.5% is added in the initial 
15 stages of the deposition during which the interface is formed. The 
improvements in adhesion of the titanium carbide coating to the sub- 
strate results from the presence of both titanium nitride and a 
nitride of the substrate in the interfacial region. 

Brief Description of Drawings 

20 The details of the invention will be described in connection with 
the accompanying drawings wherein 

FIG. 1 is a perspectie view of an apparatus utilized in sputtering 
a refractory coating onto a substrate; and 

FIG. 2 is an enlarged sectional view of a substrate coated in ac- 
25 cordance with the present invention. 

Detailed Description of the Invention 

Referring now to the drawings there is shown in FIG. 2 a substrate 
10 coated with a refractory film 12. The substrate 10 is of a 
material that forms stable nitrides and is preferably a metal. 

30 Test specimen substrates 10 in the form of 440-C bearing-steel 
discs were coated in accordance with the invention. All of the disc 
specimens were mechanically polished in the same manner. The discs 
were abraded on silicon carbide paper down to 600 grit. Then they 
were polished with three diamond paste and lapped with one^cm 
35 alumina. After lapping, the discs were rinsed with alcohol and 

dried. The metal disc substrates were" then individually mounted in a 
commercial radiofrequency diode apparatus 14 in a manne described 
below for coating in accordance with the invention. This apparatus 
operated at 13.56 MHz. 


Each polished disc substrate 10 to be coated Is placed directly 
below a titanium carbide target 16 on an electrically Insulated block 
18. A substrate table 20 that Is grounded by a conductor 22 supports 
the block 18 > 

5 Each disc substrate 10 Is positioned In this manner approximately 
2.5 centimeters directly below the target 16. The grounded table 20 
and the target 16 constitute the rf diode. The rf voltage and target 
cooling are supplied through a support 23. An additional voltage 
from sero to -1500 v dc may be applied directly to the disc 10 
10 through a conductor 25 either for cleaning by direct-current sputter 
etching or for biasing during film deposition and growth. 

Provision is made for the entire substrate table 20 to be rotated 
selectively about a support post 24. By rotating the table 20 the 
target 16 can be cleaned without contaminating the disc specimen 10. 
15 Cleaning the disc specimen 10 Is accomplished by sputter etching at 
-1200 v for 15 minutes after the target cleaning is completed. The 
cleaning and coating operations are performed in a vacuum chamber 26 
which houses the target 16 as well as the grounded table 20, 

A regulated flow of high purity argon Is selectively introduced 
20 into the vacuum chamber 26 through a nozzle 28. A second nozzle 30 
admits a controlled flow of nitrogen from a supply cylinder 32. The 
flow of nitrogen is controlled by variable leak valves. 

After cleaning, the flow of argon through the nozzle 28 is inter- 
rupted and the chamber is pumped by a vacuum line 34 connected 
25 to a vacuum pump 36. The system it pumped down to a base pressure of 
about 10“^ torr. 

According to the invention, nitrogen Is then bled into the system 
through the nozzle 30 from the cylinder 32 at a pressure in the range 
of about 1.3 x 10” 2 to 6.6 x 10“ 2 Newtons per square meter. Once 
30 the desired pressure is reached, argon is again admitted through the 
nozzle 28, and the total p essure is raised to the sputtering 
pressure of approximately 20 ^m. 

The voltage on the disc specimen is reduced to -500 v for biasing 
in a manner well known in the art. The disc specimen 10 is rotated 
35 by the table 20 back under the target "16, and deposition is begun. 

According to the present invention the critical Interfacial region 
is formed during the first two minutes of deposition. After this 
first two minutes, the flow of nitrogen through the nozzle 30 Is 
stopped, and the sputtering anti cut is again reduced to pure argon 
40 without interrupting the spuii<!ng process. The balance of the 
deposition is then completed. 
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The power density Is about 1.64 Wcm” 2 . Coatings are 
approximately 2000 angstroms in thickness for friction and wear 
tasting. These thicknesses were measured by surface profilometry of 
a deposition step. 

5 When nitrogen Is deliberately Introduced during the crucial inter- 
face formation, some of the titanium at the interface reacts to form 
titanium nitride while iron In the substrate 10 forms a nitride. 

These two nitrides, atomically mixed together in the Interfacial 
region 38 shown in FIG. 2, act to more strongly bond the growing 
10 titanium carbide coating. 

A number of test specimens were coated In accordance with the 
invention with various nitrogen partial pressures in the range of 6.6 
x 10" 1 to 6.6 x 10” ^ Newtons per square meter. The coatings were 
evaluated in a pin-on-disc apparatus of the type used for solid film 
15 lubrication evaluation. Tills test apparatus has a stainless steel 
pin selectively loaded against each test specimen as the disc is 
rotated. A strain gauge is used to measure the friction force. 

Lach disc specimen was tested for 30 minutes in a dry nltrogn 
atmosphere at a constant speed. The results are shown in the table. 


Nitrogen 
partial 
pressure 
N al) 

Percent 

of 

Plasma 

Friction and 
wear behavior 
at 10 N load 

6.6 x 10” 3 

0.25 

Film failure 

1.3 x 10” 2 

0.50 

Smooth low 



friction, M-" 0.35 

6. 6 x 10“ 2 

2.5 

Smooth low 



friction, yic - 0.35 

1.3 x 10“ 1 

5 

Film failure 

6.6 x 10" 1 

25 

Film failure 


20 Although the invention has ho n described relative to exemplary 
embodiments thereof, it will !>» understood that other variations and 
modifications can be effected in these embodiments without departing 
from the scope and spirit of tic invention. 


